Background-Peripheral arterial disease (PAD) and diabetes are both associated with a high risk of ischemic events, but the role of intensive blood pressure control in PAD has not been established. Methods and Results-The Appropriate Blood Pressure Control in Diabetes study followed 950 subjects with type 2 diabetes for 5 years; 480 of the subjects were normotensive (baseline diastolic blood pressure of 80 to 89 mm Hg). Patients randomized to placebo (moderate blood pressure control) had a mean blood pressure of 137Ϯ0.7/ 81Ϯ0.3 mm Hg over the last 4 years of treatment. In contrast, patients randomized to intensive treatment with enalapril or nisoldipine had a mean 4-year blood pressure of 128Ϯ0.8/75Ϯ0.3 mm Hg (PϽ0.0001 compared with moderate control). PAD, which is defined as an ankle-brachial index Ͻ0.90 at the baseline visit, was diagnosed in 53 patients.
P eripheral arterial disease (PAD) is a manifestation of generalized atherosclerosis and, therefore, an independent predictor of cardiovascular ischemic events. 1, 2 Moreover, the severity of arterial occlusive disease in the leg correlates with the risk of ischemic systemic events such that a lower ankle-brachial index (ABI) portends a higher risk of a myocardial infarction, stroke, or vascular death. 3 Key risk factors for PAD include diabetes and hypertension. 4, 5 Although the benefits of treating hypertension in diabetes are firmly established, data are not presently available to determine if treatment of hypertension will alter the natural history of PAD. 6 The Appropriate Blood-Pressure Control in Diabetes (ABCD) trial is a prospective interventional study of patients with type 2 diabetes. The initial observations from this study documented that in the hypertensive cohort, intensive blood pressure lowering with an angiotensin-converting enzyme (ACE) inhibitor conferred significant protection against cardiovascular events compared with a calcium channel block-er. 7 Recently, we demonstrated that aggressive blood pressure control in normotensive type 2 diabetic patients had a beneficial effect on albuminuria, retinopathy, and strokes, regardless of whether an ACE inhibitor or a calcium channel blocker was used as the initial antihypertensive agent. 8 The purpose of the present study was to test the hypothesis that intensive lowering of blood pressure would be associated with a reduced risk of cardiovascular events in the normotensive cohort of patients with PAD and type 2 diabetes. An additional aim was to evaluate the interaction between blood pressure lowering and the ABI.
Methods

Study Design
The ABCD trial is a randomized, prospective, interventional study evaluating the effects of intensive versus moderate diastolic blood pressure control on diabetic microvascular and macrovascular complications. 9 The study is composed of 2 cohorts: a normotensive group with a baseline diastolic blood pressure between 80 to 90 mm Hg and a hypertensive group with a baseline diastolic blood pressure Ն90 mm Hg.
Participants
All subjects in the ABCD trial were diagnosed with type 2 diabetes. There were 480 normotensive subjects with a baseline diastolic blood pressure between 80 and 89 mm Hg who were randomized to moderate versus intensive antihypertensive treatment. Those randomized to the intensive arm had a treatment goal of decreasing the diastolic blood pressure by 10 mm Hg from the mean baseline value, with further random assignment to receive either nisoldipine or enalapril. Those randomized to the moderate group had no intended change in their diastolic blood pressure and were thus randomly assigned to placebo. The average follow-up period was 5.3 years for the first phase of the study (described in this report), with a continuation for an additional 5 years that is ongoing.
Measurements and Definitions
During the 7 to 11-week single-blind placebo run-in period, all baseline studies were performed, including measurement of the ABI. Descriptions of procedures and definitions of myocardial infarction, albuminuria, retinopathy, neuropathy, and left ventricular hypertrophy have been reported previously. 9 Cardiovascular outcomes that were reviewed by an independent end point committee included: (1) death due to cardiovascular events (sudden death, progressive heart failure, fatal myocardial infarction, fatal arrhythmias, cerebral vascular accidents, and ruptured aortic aneurysm), (2) nonfatal myocardial infarction, (3) nonfatal cerebral vascular accidents, (4) heart failure requiring hospital admission, and (5) pulmonary infarction. PAD was defined by an ABI Ͻ0.90, and calcified vessels were defined as an ABI Ͼ1.30, as previously described. 10 These noninvasive measurements have previously been validated in patients with diabetes, where medial calcification has been observed in 5% of the population. 11, 12 
Data Analysis
Of the 480 subjects in the normotensive cohort, 33 subjects were excluded (14 had a baseline ABI Ͼ1.30, indicating calcified vessels, and 19 were missing a baseline ABI), leaving 447 subjects and 56 cardiovascular events for analysis. A 2 test was used to compare the unadjusted differences in event rates between treatment groups in the 53 patients with PAD. Next, logistic regression was employed to determine the univariate relationship between baseline ABI and cardiovascular event rates, including nonfatal myocardial infarction, nonfatal stroke, and vascular death. Once these relationships were established, multivariable logistic regression was used to model the probability of a cardiovascular event with baseline ABI, treatment intensity, and drug and the ABI-treatment intensity interaction as fixed effects, adjusted for sex, age, duration of diabetes, systolic blood pressure, smoking status, total cholesterol level, history of myocardial infarction, history of stroke, neurological stage, and adjusted Cornell voltage. 13 Thus, the interaction of ABI and treatment level was tested to evaluate whether the treatment effect depended on the baseline ABI. Model sensitivity was assessed by performing similar adjusted logistic models in the PAD population only.
Results
The baseline characteristics, clinical complications, and comorbidities of the normotensive diabetic patients randomized to intensive or moderate treatment were similar ( Table 1) . The mean blood pressure after randomization for the last 4 years of follow-up was 128Ϯ0.8/75Ϯ0.3 mm Hg for the intensive group and 137Ϯ0.7/81Ϯ0.3 mm Hg for the moderate group (PϽ0.0001).
There were a total of 56 cardiovascular events (myocardial infarction, stroke, or cardiovascular death) in the entire cohort. Overall, there was a similar number of events in the intensive (nϭ26) versus moderate group (nϭ30). However, in patients with PAD, intensive blood pressure treatment was associated with 3 cardiovascular events in 22 patients (13.6%) versus 12 events in 31 patients (38.7%) in the moderate blood pressure treatment arm (Pϭ0.046). A further analysis of the PAD patients revealed an inverse relationship between the ABI and the risk of cardiovascular events (Pϭ0.009), as shown in the Figure. However, this relationship was abolished in the intensive treatment group, such that even at the lowest ABI, intensively treated subjects had no increased risk of events (Pϭ0.91) (Figure) . This protective effect of intensive blood pressure control was independent of drug class. In addition, the difference in slopes for the intensive and moderate treatment group curves depicted in the Figure was due to a significant interaction term of ABI and treatment level (Pϭ0.04). At an ABI of 0.50, the adjusted odds ratio of a cardiovascular event in the intensively treated group compared with the moderate group was 0.108 (95% confidence interval, 0.012 to 0.999). At an ABI of 0.30, the adjusted odds ratio decreased to 0.046 (95% confidence interval, 0.002 to 0.948; Table 2 ).
Discussion
PAD affects an estimated 8 million Americans and is strongly associated with substantial risks of adverse cardiovascular events. 14 Values are meanϮSD or percent. sions (defined by the ABI) is closely correlated with the risk of myocardial infarction, stroke, and death from vascular causes. 15 Patients having the lowest ABI values, such as those with critical leg ischemia, have a very ominous prognosis, with an annual mortality rate that exceeds 20%. 16 Our study demonstrated that in the normotensive diabetic population, the well-described inverse relationship between ABI and cardiovascular events was abolished with intensive bloodpressure lowering therapy. Despite the enormous prevalence and well-established risk of events, PAD is both unrecognized and undertreated by primary care physicians compared with the treatment of patients with coronary artery disease. 17 The recent PAD Awareness, Risk, and Treatment: New Resources for Survival (PARTNERS) program demonstrated an overall prevalence of PAD of 29% in persons at risk who were evaluated in 320 primary care practices. 18 Further, this study demonstrated that patients with PAD were significantly less likely than those with coronary artery disease to be treated for hypertension and hyperlipidemia or to receive antiplatelet medications.
Although hypertension is a major risk factor for PAD, to date, no prospective studies have been performed to assess whether intensive blood pressure control improves cardiovascular outcomes in diabetic patients with PAD. It the ABCD study, intensive blood pressure lowering was effective in reducing the risk of cardiovascular events in PAD patients with the use of either a calcium channel blocker or an ACE inhibitor. The Systolic Hypertension in Europe (Syst-Eur) study and the Hypertension Optimal Treatment (HOT) study recently showed that calcium channel blockers reduced cardiovascular events in diabetic hypertensive patients. 19, 20 These results are all consistent with the emerging theme that aggressive blood pressure control is especially advantageous in the diabetic population. 21 There are limitations to our study. First, it was based on a post hoc analysis of the ABCD trial data. Second, the number of defined cardiovascular events was few. However, the rigorous definitions of primary end points and the fact that cardiovascular events were a prospective end point and other variables were kept consistent throughout the study add credence to the overall findings. Although there were relatively few events in patients with the lowest ABI, the regression coefficients were estimated from all 56 cardiac events observed in all 427 subjects. Model sensitivity was assessed by performing a logistic model in the PAD population only, excluding patients with an ABI Ͼ0.90. This analysis yielded similar significant results with ABI as a continuous variable to those that were observed in the entire population (data not shown). From this analysis, we can conclude that the larger number of patients without PAD did not substantially influence the results in the PAD subgroup.
In summary, PAD is a common presentation of atherosclerosis and is also a strong independent predictor of future cardiovascular ischemic events. Our results suggest that blood pressure lowering in normotensive type 2 diabetic patients with PAD is particularly effective in preventing adverse cardiovascular events. Intensified efforts to treat hypertension aggressively in patients with PAD therefore seem justified, particularly because diabetes is a strong predictor of a worse natural history for PAD, with more patients progressing to ischemic ulceration. 22 Additional longitudinal studies of intensive blood pressure control in patients with PAD should be conducted to clarify this association further. Relationship between ABI and cardiovascular events after adjusting for age, sex, duration of diabetes, systolic blood pressure, smoking status, total cholesterol level, history of myocardial infarction (MI) or stroke, neurological stage, and adjusted Cornell voltage. Odds are calculated using moderate treatment and a baseline ABI of 1.0 as a reference. Patients randomized to moderate treatment (placebo; solid line) had an inverse relationship between ABI and events (Pϭ0.009). Patients intensively treated with nisoldipine or enalapril (dotted line) had no relationship between ABI and events, thus demonstrating the protective effects of blood pressure treatment. A cardiovascular event was defined as a vascular death, nonfatal myocardial infarction, or ischemic stroke. CI indicates confidence interval.
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